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(54) Low power wireless network 

(57) A network of electronic devices such as com- 
puters (50) and/or calculators (36,38) uses low power 
communication to transmit wireless signals through a 
distributed antenna system (40). The distributed 
antenna system may be formed in conjunction with ceil- 



ing or floor tiles 62 or modular office components (44 
and 46) or student desks. The distributed antenna sys- 
tem 40 reduces the effective distance between a trans- 
mitting and receiving device to a nominal distance. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to mobile comput- s 
ing electronic devices and, more particularly, to a 
method and apparatus for wireless communications 
between mobile computing electronic devices. 

DESCRIPTION OF THE RELATED ART io 

Mobile computing electronic devices, such as elec- 
tronic calculators and portable computers, have evolved 
significantly in recent years. In addition to arithmetic cal- 
culations, current day calculators often provide pro- is 
gramming and graphing functions. Graphing calculators 
include a screen able to display graphics in addition to 
alphanumeric characters. Portable computers, on the 
other hand, are progressively becoming more mobile, 
as the weight of the computer is reduced, while main- so 
taining processing capabilities at the same level as 
desktop computers. 

For some time, graphing calculators and portable 
computers have been able to communicate to one 
another through a wired connection. An example of a 25 
calculator of this type is the TI-92 calculator produced 
by Texas Instruments Incorporated of Dallas, Texas. 
Wired connections may be used, for example, in a 
classroom setting where problem sets are downloaded 
from the teacher's calculator to the students' calcula- 30 
tors. Once downloaded, the students can use the calcu- 
lator to solve the problem. Teacher's can review the 
student's answers in real-time to determine which stu- 
dents are having difficulty solving the problems. 

Portable computers also can communicate through 35 
computer networks. Recently, wireless networks have 
become available for computers. A great advantage of a 
wireless network is the ability to maintain a network con- 
nection within a defined area with a portable computer 
without losing the mobility of the computer. Wireless 40 
networks for graphic calculators have been proposed in 
European Patent Application Publication No. 0829984 
published 18 March 1998, entitled "Active Wireless Net- 
work for Calculators", and European Patent Application 
Publication No. 083140o3 published 25 March 1998 45 
entitled "Method of Implementing a Network in a Class- 
room Setting", all of which are incorporated by refer- 
ence herein. 

Despite the advantages of networks in non-com- 
mercial setting such as classrooms, they have not been so 
accepted in widespread use. Wired connections 
between calculators is somewhat inhibiting to the stu- 
dents. Wireless communications in a classroom or audi- 
torium has several problems. First, in order to have 
effective communication between the teacher and the ss 
students, the student devices must have sufficient bat- 
tery power to transmit a signal that will reach the 
teachers calculator. Unfortunately, designing student 



devices with enough transmitted power to reach the 
teacher's desk in a normal sized classroom would 
deplete the smaller calculator batteries at an unaccept- 
able rate. This is a particular problem with calculators 
which have relatively small batteries and would, without 
the wireless communications, last for approximately 
eight months. Adding wireless communications could 
decrease the battery life to a single month or less in nor- 
mal use. Second, it is desirable that the devices operate 
in a frequency band which is designated as unlicensed 
by the FCC (Federal Communications Commission). In 
order to prevent interference between devices operating 
in an unlicensed frequency band (the ISM - Industrial, 
Scientific and Medical - band), the FCC has strict guide- 
lines on the spread spectrum modulation schemes 
which must be used, if the devices broadcast at a power 
equal or greater than 0.7 milliwatts. Current day wire- 
less transmission devices must exceed this level to 
accurately communicate over distances up to thirty 
meters; therefore, they must use a spread spectrum 
modulation scheme approved by the FCC which 
increases the complexity, cost and power consumption 
of the system. 

Accordingly, a need has arisen in the industry for a 
low cost, low power, method and apparatus for commu- 
nicating between mobile computing electronic devices. 

SUMMARY OF THE INVENTION 

The wireless communications system of an embod- 
iment of the present invention comprises a plurality of 
mobile computing electronic devices having circuitry for 
receiving and sending data by wireless communications 
and a distributed antenna system. The distributed 
antenna system has one or more segments extending 
proximate to the mobile computing electronic devices to 
provide a low loss propagation path for the wireless 
communication signals. 

In a first embodiment of the invention, antenna seg- 
ments are formed on desks and/or oth^pfurnjjture. 

In a second embodiment^^l^nvenlion, antenna 
segments are formed on ceiling or floor tiles of the type 
normally used in an office environment. 

Embodiments of the present invention provide sig- 
nificant advantages over the prior art. The power 
requirement reduction afforded by the distributed 
antenna system significantly reduces the power used by 
a portable computer or other mobile computing elec- 
tronic device to communicate using a wireless transmis- 
sion. Further, the distributed antenna system 
ameliorates the effect of obstructions between a porta- 
ble computer and a receiving device which can block 
communications. Another advantage of the distributed 
antenna system is that the number of wireless network 
access points in a computer network can be greatly 
reduced, since the distance between a mobile comput- 
ing electronic device and a network access point is 
effectively the distance between the mobile computing 
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electronic device and the nearest antenna segment, 
regardless of the physical distance between the access 
point and the mobile computing electronic device. In 
classroom situations, the distance between the student 
calculators and the teacher's calculator can be any 
length, because the effective distance between the cal- 
culators is the distance between the calculators and the 
nearest antenna segment For wireless network sys- 
tems, the design and cost of access points can be 
greatly reduced due to a simpler modulation/demodula- 
tion scheme and, in some instances, dedicated access 
points can be used to reduce conflicts caused by multi- 
ple access in the time and frequency domains. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention are now 
described by way of example only and with reference to 
the accompanying drawings, in which: 

Figures ta-b illustrate typical settings where wire- 
less communication signals are desirable, but may 
suffer from non-trivial power requirements associ- 
ated with wireless communications; 
Figures 2a and 2b illustrate a classroom setting 
using a first embodiment of the invention; 
Figure 3 illustrates an office setting using a second 
embodiment of the invention; 
Figure 4 illustrates a cable used for a distributed 
antenna system; 

Figure 5 illustrates a third embodiment of the inven- 
tion using ceiling tiles to form the distributed 
antenna system; and 

Figures 6a and 6b illustrate connectors for connect- 
ing antenna segments of adjacent ceiling tiles. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention are best 
understood in relation to Figures 1-6 of the drawings, 
like numerals being used for like elements of the various 
drawings. 

Figures 1a and 1b illustrate room configurations 
which can be used with a network of mobile computing 
electronic devices, such as notebook computers, per- 
sonal digital assistants (PDAs), graphing calculators 
and similar devices. In Figure 1a, a classroom network 
setting 10 is shown with a teacher calculator 14, with 
answers uploaded and graded automatically. Further, 
student responses can be evaluated as class is con- 
ducted to inform the teacher whether the students are 
grasping the principles as they are being taught. The 
possibilities of networked calculators, or other low cost 
mobile computing electronic devices, are endless for 
providing improved teaching and more efficient used of 
teacher time. 

One factor which limits the use of a mobile comput- 
ing electronic device in a classroom setting is the power 



required for accurate communications between the stu- 
dent and teacher calculators (or between student calcu- 
lators). In the vast majority of situations, the calculators 
will be owned by or assigned to respective students and 
5 travel with the students from class to class. Accordingly, 
in a classroom situation, the calculators must be able to 
communicate without restrictions on their location or 
arrangement in the classroom. Each student calculator 
must have sufficient power to communicate from the fur- 
70 thest (or worst case) point in the classroom to the 
teacher calculator. For simplicity, all calculators would 
be configured to operate at a power level associated 
with the largest reasonable classroom size. Given the 
wide range of classroom sizes, including auditorium 
15 size classrooms, the power needed to communicate 
can be substantial. 

On the other hand, it is extremely desirable in class- 
room scenarios that the calculator be small and light- 
weight, with a battery life which lasts at least six months, 
20 and preferably more. While laptop computers are fre- 
quently recharged, such is not the case for calculators, 
and if the student calculator expires during class, it 
would have significant ramifications in how the class 
was conducted. 
25 A second setting is shown in Figure 1b. This is an 
office setting 20 where a wireless network is installed, 
either by itself or in conjunction with a wired network. In 
a wireless network, at least some of the computers are 
connected to the server 265yjara^radio ? frequency^|i 
30 (other computers may be connected to the server using 
a wired link). In the example illustrated in Figure 1b, 
computers 22 have circuitry to transmit signals to a 
wireless network access point 24 using wireless trans- 
mission. In an actual wireless network there would com- 
35 monly be several wireless network access points 
located in the office space such that communication 
with one of the wireless network access points 24 can 
be made throughout the office. The ,;wireless^network 
access points 24 are wir^to/toe server 26. 
40 Typically, the computers 22 using a wireless con- 
nection are either mobile computers, or computers for 
which a wired connection is inconvenient. Other com- 
puters 28 may be hardwired to the server 26. 

Typically, the computers 22 using a wireless con- 
45 nection are either mobile computers, or computers for 
which a wired connection is inconvenient. Other com- 
puters may be hardwired to the server 26. 

Wireless networks provide many advantages. Most 
importantly, a user with a portable computer can remain 
so on the network while moving about the office hallway 
and conference rooms. As the user moves within the 
range of the wireless network, different wireless net- 
work access points 24 take over responsibilities for 
communicating between the moving computer and the 
55 server 26. 

While power conservation is important for both 
desktop and portable computers (and other mobile 
computing electronic devices), it is most important for 
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portable computers, since the wireless communication 
circuitry can significantly reduced the computer's bat- 
tery life. <u 

Present wireless communication devices are point 
radiators which use a simple antennae, such as single 
Vi wave antennae, to broadcast RF signals. For an 
indoor signal beyond eight meters, path loss is propor- 
tional to the distance between the devices raised to the 
3.6 power, i.e. path loss oc d 3 6 . To transmit a signal for 
a distance of thirty meters typically requires about 
1 .OmW (milliwatt) of power. A power requirement of this 
magnitude would exhaust calculator batteries in a mat- 
ter of weeks of normal use, and noticeably increase the 
rate of charge depletion in a portable computer battery. 

Figures 2a and 2b illustrate a first embodiment to 
reduce the power needed to communicate between a 
mobile computing electronic device and a base station 
in a classroom situation such as shown in Figure 1. 

In Figure 2a, a class room setting 30 comprises a 
teacher's desk 32 and a plurality of student desks 34. 
The desks 30 and 32 can be arranged in any manner. 
The teacher's calculator (base calculator 36) is located 
on the teacher's desk 32 and the student calculators 
(client calculators 38) are located on the student desks 
34. A distributed antenna 40 has segments 42 which 
extend onto the student desks 34. In the preferred 
embodiment, the base calculator 36 is hard wired to the 
antenna 40. The segments 42 may be exposed on an 
outer surface of the desks 32 and 34 (typically under- 
neath the desktops) or, alternatively, the segments 42 
may be embedded into the material used to form the 
desktops, insofar as the material does not shield the 
antenna segments 42 from radio frequency signals from 
the calculators 38. 

In operation, the distributed antenna system 40 
greatly reduces the power needed for communication 
between mobile computing electronic devices proxi- 
mate the antenna segments 42. Typically, in a class- 
room situation, the client calculators 38 will be used on 
the student desks 34 and the base calculator 36 will be 
located on the teacher's desk 32. Accordingly, during 
communication between calculators, the transmitting 
calculator 36 will be within 0.5 meters of an antenna 
segment. Effectively, the distance between the commu- 
nicating calculators is reduced to 0.5 meters. Assuming 
that each student calculator 38 would otherwise be 
required to provide sufficient power to communicate 
from a distance of 30 meters, the distributed antenna 40 
reduces the path loss by 44 dB, a factor of 25, 1 1 9. 

Present day calculators can supply approximately 
1200 milliamp hours of power, allowing a communica- 
tion time of 40 hours for communication at 1 00 kbps at 
30 meters (without the distributed antenna system), 
since the wireless communication would cause a cur- 
rent drain of approximately 30 milliamps. Using the dis- 
tributed antenna system 40, the battery life would be 
increased to allow the six to eight months of normal 
used desired for a classroom service. 



In addition to conserving energy, the distributed 
antenna system also reduces problems with multi-path 
distortion which can corrupt wireless transmission. In a 
normal classroom setting, each receiving calculator 36 

5 or 38 will receive the direct signal, as well as several 
delayed reflections from walls, ceilings and other 
objects on the room. The reflected signals are phase 
shifted from the original signal, and when combined at 
the point of reception, can cause data errors. For exam- 

w pie, if a reflected signal was 1 80° out of phase with the 
original signal, the combined signal and reflected signal 
would cancel out (assuming equal signal strengths). 

In the embodiment shown in Figure 2a, however, 
each calculator 38 is proximate an antenna segment 

15 and preferably within the near field. The strength of the 
signal near an antenna segment 42 will be many times 
greater than the signal from a reflection, due to the path 
loss equation set forth above. Therefore, multipath dis- 
tortion is substantially reduced in this embodiment. 

20 Because the calculators 36 and 38 can operate 
below the FCC threshold for devices in the ISM fre- 
quency band, they can use a simple communication 
modulation/demodulation technique to reduce this cost 
and to improve energy efficiency. 

25 Figure 2a illustrates an embodiment where the dis- 
tributed antenna system 40 is a continuous antenna 
wire, i.e., all segments 42 are connected together by a 
wire-to-wire connection. In Figure 2b, an embodiment is 
shown where segments 42 are coupled in a user-defin- 

30 able arrangement to allow flexibility in positioning the 
desks 32 and 34. For example, the segment 42a asso- 
ciated with each desk could be coupled with other seg- 
ments 42b disposed in the floor using a simple coaxial 
patch cable 43a between connectors 43b and 43c. The 

35 segments 42b in the floor would communicate signals to 
and from the segments 42a in the desks. A desk 32 or 
34 could be relocated by disconnecting a patch cable 
43a from a connector 43c and reconnecting at a new 
connector 43c. 

40 Figure 3 illustrates an embodiment similar to those 
of Figures 2a-b using modular furniture. The modular 
furniture approach is especially desirable in commercial { 
settings. In this embodiment, a distributed antenna sys- 
tem 40 is disposed through modular furniture pieces, 

45 such as modular walls 44 and desktops 46, such that 
the segments 42 are connected as the modular pieces 
are connected. Contact points 48 are positioned such 
that as modular pieces are connected, the segments 42 
are connected via the contact points 48. 

so In operation, a mobile computing electronic device, 
such as a portable computer 50, can communicate 
through wireless transmission with a base station, such 
as a wireless network access point 24, .which has a 
wired connection to the antenna system 40. As 

55 described in connection with Figure 2, the effective dis- 
tance between the transmitting device and the receiving 
device is the distance between the transmitting device 
and the antenna segment 42, since there is virtually no 
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path loss associated with transmission of the signal 
through the antenna cable 40 (at 2.4 GHz, there is 
approximately an 8 dB loss over 30 meters, which is 
small in comparison to the radio frequency path loss in 
free space). 

It is desired to provide a system to communicate at 
wireline-like data rates (greater than 10 Mbps) and use 
minimum battery power. The economically feasible 
spectrum for unlicensed mobile data communications is 
limited to an 83 MHz wide band aH2A GHz. Using the 
entire band, at very low transmit power levels, enables 
communication at rates greater than 10 Mbps while 
enabling frequency re-use in an office area or school 
building. Because the wireless transmission can occur 
at extremely low power, the operation of the wireless 
network occurs at levels well below the FCC threshold 
level for the ISM frequency band. Therefore, a modula- 
tion scheme which is much simpler than the FCC pre- 
scribed spread spectrum modulation scheme cam be 
used. Implementing a less complicated modulation 
scheme, which can use the entire frequency band, 
reduces the cost of the system and also further reduces 
the power consumed by wireless communications, 
since DSPs (digital signal processors) or other complex 
circuitry is not needed to perform the modulation and 
demodulation of the signals. While the entire frequency 
band is used to achieve high data rates, the same band 
can be used for communication by devices in neighbor- 
ing vicinities, because the attenuated low power signal 
from an adjacent area will be masked by thermal noise. 

As an example of the energy efficiency of the 
embodiment of Figure 3, a typical wireless communica- 
tion interface for a portable computer uses approxi- 
mately 1.5 watts of power. Of the 1.5 watts, only 0.2 
watts are used for the transmission - the remaining 1 .3 
watts are consumed by the circuitry for controlling the 
modulation and demodulation of the signal. By reducing 
the complexity of the modulation technique, much of the 
power consumption by the modulation/demodulation 
circuitry can be eliminated. 

The network computer may be freely moved within 
the office environment, with the antenna segments 42 
providing a low loss propagation path for the signals. If 
the antenna segments 42 mounted on the furniture 
would be insufficient to cover an area (i.e. if there were 
large areas of space which were not near an antenna 
segment), then additional segments may be placed in 
the carpet, floor tiles, or on the ceiling (see Figures 5 
and 6). 

Because the distributed antenna system 40 greatly 
reduces path loss, the power needed to transmit a sig- 
nal from the portable computer, or other mobile comput- 
ing electronic device, in a commercial environment can 
be greatly reduced. Accordingly, the battery power of a 
portable computer will last longer. Further, as described 
in connection with Figure 2, the problems associated 
with multi-path distortion are virtually eliminated, since 
transmitted signals to the receiving device will be emit- 



ted from the antenna segments at practically full 
strength (the minimum strength required), while 
reflected signals will be significantly attenuated 
(masked by thermal noise). 

s It should be noted that while the embodiment of Fig- 
ure 3 illustrates modular furniture designated with inte- 
gral antenna segments, the antenna system could be 
retrofitted to any office environment by adhering the 
antenna segments 42 beneath desktop and connecting 

w the segments together. 

As stated above, the use of the distributed antenna 
system 40 can reduce the number of access points 
needed in a wireless network system, because the 
range can be increased to the length of the distributed 

15 antenna 40. In some instances, it may be desirable to 
increase the number of access points in order to shift 
complications with multiple devices simultaneously 
accessing the network through a single access point 24. 
In cases of simultaneous access to a single access 

20 point, one or more computers must wait. Using access 
points dedicated to individual offices, the problem of 
simultaneous access is shifted from the access points 
24 to the hard-wired ethernet level, which has a much 
higher bandwidth. 

25 In the embodiment shown in Figure 3, each individ- 
ual office in an office space could have a dedicated dis- 
tributed antenna system 40 and a dedicated access 
point 24, since the power of the wireless transmissions 
from the portable computer within that office can be 

30 made low enough so that they will only be received by 
the dedicated access point coupled to the dedicated 
distributed antenna system 42 within the individual 
office. Access points 24 in adjacent offices would not 
receive the signal due to the path loss attributable to the 

35 distance to reach an adjacent antenna system and 
losses through the office wall. 

In operation, while in an individual office, the user's 
computer 50 would be handled by the office's dedicated 
access point. When the user is in common areas out- 

40 side of an office, one or more access points 24 could be 
coupled to respective distributed antenna systems 40 to 
handle multiple computers. Accordingly, higher aggre- 
gate communication bandwidth is accomplished. 

While increasing the number of access points may 

45 appear to increase costs, individual access points using 
a simple modulation/demodulation technique, and 
which do not need to negotiate conflicts between multi- 
ple devices, could result in superior performance at a 
lower cost. 

so Figure 4 illustrates the wire used for the antenna 
segments 42. The antenna segments 42 are formed, at 
least in the part proximate the mobile computing elec- 
tronic device, from a "lossy cable". A lossy cable 52 has 
shielding 54 (outer conductor) with holes 56 formed 

55 therethrough. The shielding 54 surrounds a foam core 
58 covering the inner conductor 60. Such cables can be 
obtained from the Andrew Corporation of Orland Park, 
Illinois, under the RAD I AX brand. The lossy cable 
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allows signals to pass to and emit from the inner con- 
ductor 60 in a uniform manner along the cable, while 
limiting signal losses along the inner conductor. Por- 
tions of the distributed antenna system 42 which will not 
be proximate a mobile computing device can be made 
of a shielded cable, i.e. a cable having a shielding with- 
out holes which is nearly lossless (8 dB over 30 meters 
at 2.4 GHz). 

Figure 5 illustrates a third embodiment where the 
distributed antenna system 40 is disposed on or in ceil- 
ing tiles. In this embodiment, the distributed antenna 
system 40 is formed on wired ceiling tiles 62, such as 
those commonly used in office environments. Each 
antenna-wired ceiling tile 62 provides a length of 
antenna wire for forming a portion of the distributed 
antenna system 42. Non-wired ceiling tiles 64 can also 
be used to form the ceiling where an antenna is not 
needed. The ceiling tiles 62 and 64 are held in place by 
supports 66. An access point 24 is connected to the 
antenna system 40 by physical connection. 

In operation, the wired ceiling tiles 62 have different 
configurations to form a distributed antenna system 42 
of a desired configuration. For example, wired ceiling 
tiles 62a incorporate an antenna wire which runs the 
length of the ceiling tile, where ceiling tiles 62b incorpo- 
rate connected length-wise and width wise antenna 
wires. Ceiling tiles 62c incorporate width-wise antenna 
wires. Other configurations, such as diagonally aligned 
antenna wires, and 90° angled antenna wires could also 
be used. The antenna wires are typically formed on the 
upper surface of the ceiling tiles, so that the antenna 
wires are not exposed. 

In addition to the different layout configurations dis- 
cussed above, ceiling tiles 62 could be formed using 
both lossy cable, at points where transmission and 
reception are desired, and shielded cable, to provide 
transmission of the signal with virtually no loss in 
strength in vicinities where a mobile computing elec- 
tronic device will not be transmitting or receiving data. 

The embodiment shown in Figure 5 has the advan- 
tage that the distributed antenna system can be formed 
quickly and inexpensively to most existing commercial 
settings and to all new construction by simply using the 
wired ceiling tiles 62. In this embodiment, the effective 
distance between a mobile electronic device and an 
access point would equal the distance between the 
device and the nearest segment 42 in the ceiling, which 
should generally be within eight feet. Assuming a range 
of forty feet for a typical wireless network access point, 
the distributed antenna system 42 will reduce the power 
needed to transmit data by a factor of (40/8) 36 =328. 

While the distributed antenna system of Figure 5 is 
described in connection with commercial office space, it 
can also be used in other settings, such as classrooms, 
with a significant reduction in path loss compared to the 
prior art. 

Figure 6a illustrates a first embodiment of a con- 
nector which can be used to connect antenna wires 63 



as the ceiling tiles are placed on the support members 
66. In this embodiment, the ends of the antenna wire 63 
on the ceiling tiles 62 are terminated with either a 
female contact 68 or a male contact 70. As the ceiling 

5 tiles 62 are placed on the supports, the male contact 
extends over the support 66 and into the female contact. 
It should be noted many other methods could be used to 
automatically connect adjacent ceiling tiles as they are 
placed on the support members 63. 

10 Figure 6b illustrates a second embodiment of a 
connector which can be used to connect antenna wires 
63 as the ceiling tiles are placed on the support mem- 
bers 66. In this embodiment, support members 66 have 
conducting regions 72 surrounded by dielectric regions 

15 74 (not necessary if the support members themselves 
are formed of a dielectric material such as plastic). The 
antenna wires 63 are terminated with conducting spring 
clips 76 which create a firm contact with conducting 
regions 72 when the ceiling tiles 62 are placed on the 

so support members 66. 

In operation, as ceiling tiles 62 are placed in the 
support members 66, the conducting regions 72 form a 
physical low resistance connection between the 
antenna wires 63 associated with adjacent ceiling tiles 

25 62. Thus, a desired antenna pattern can be easily 
implemented or changed simply by placing selected 
ceiling tiles 62 in the support members 66. 

The embodiments shown in Figures 2-6 provide 
sufficient advantages over the prior art. The power 

30 requirement reduction afforded by the distributed 
antenna system significantly reduces the power used by 
a portable computer or other mobile computing elec- 
tronic device to communicate using a wireless transmis- 
sion. Further, the distributed antenna system 42 

35 ameliorates the effect of obstructions between a porta- 
ble computer and an access point which can block com- 
munications. Another advantage of the distributed 
antenna system 42 is that the number of wireless net- 
work access points is greatly reduced, since the dis- 

40 tance between a mobile computing electronic device 
and a network base station is effectively the distance 
between the mobile computing electronic device and 
the nearest antenna segment 42, regardless of the 
physical distance between the base station and the 

45 mobile computing electronic device. In classroom situa- 
tions, the distance between the student calculators and 
the teacher's calculator can be any length, because the 
effective distance between the calculators is the dis- 
tance between the calculators and the nearest antenna 

so segment 42. 

While embodiments of the present invention have 
been shown in particular settings, it should be noted 
that the distributed antenna can be used to improve 
communications between electronic devices in many 

55 different situations. For example, while the embodi- 
ments show the portable computer connected to a local 
area network server (via an access point), the distrib- 
uted antenna could also be used to couple a portable 
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computer to a docking station or an in-office computer. 

Although the Detailed Description of embodiments 
of the invention has been directed to certain exemplary 
embodiments, various modifications of these embodi- 
ments, as well as alternative embodiments, will be sug- 
gested to those skilled in the art. The invention 
encompasses any modifications or alternative embodi- 
ments that fall within the scope of the Claims. 

Claims 

1 . A wireless network comprising: 

a plurality of mobile computing electronic 
devices having circuitry for receiving and send- 
ing data by wireless communication signals; 
a distributed antenna system comprising a plu- 
rality of antenna segments disposed proximate 
mobile computing electronic devices to provide 
a low loss propagation path for the wireless 
communication signals. 

2. The wireless network of Claim J , wherein said dis- 
tributed antenna is formed at least in part using a 
lossy cable. 

3. The wireless network of Claim 1 or Claim 2, 
wherein said distributed antenna is formed of said 
lossy cable in areas where communication with one 
or more of said mobile computing devices is 
desired. 

4. The wireless network of any preceding Claim* 
wherein at least some of said mobile computing 
devices comprise calculators. 

5. The wireless network of any of Claims 1 to 3 ( ? 
wherein at least some of said mobile computing 
devices comprise portable computers. 

6. The wireless network of any preceding Clairrvand 
further comprising a network access point in com- 
munication with said distributed antenna system. 



plurality of ceiling tiles, each ceiling tile comprising: 

a substrate for forming the ceiling; and 
antenna wire attached to said substrate. 

5 

11. The wireless network of Claim 10, and further com- 
prising connectors for connecting antenna wires of 
adjacent ceiling tiles. 

w 12. The wireless network of Claim 11, wherein said 
connectors are formed on said ceiling tiles. 

13. The wireless network of Claim 12 and further com- 
prising ceiling support members, wherein said con- 

15 nectors are formed on said support members. 

14. A wireless network comprising: 

a plurality of desks or offices; and 
20 a distributed antenna system comprising a plu- 

rality of antenna segments disposed proximal 
to respective desks or offices for providing a 
low loss propagation path for wireless commu- 
nication signals between a mobile computing 
25 electronic device disposed at one of the desks 

or offices and an antenna segment. 



30 



35 



40 



7. The wireless network of any preceding Claim, 45 
wherein said distributed antenna system is formed 

at least in part on a floor. 

8. The wireless network of any preceding Claim, 
wherein said distributed antenna system is formed so 
at least in part on modular furniture modules. 

9. The wireless network of any preceding Claim, 
wherein said distributed antenna system is formed 

at least in part on ceiling tiles. 55 

10. A wireless network of Claim 9 wherein: 

the distributed antenna system comprises a 
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